Microrna-27a • Detrusor fibrosis • Streptozotocin-induced diabetic rats • Protein kinase AMPactivated alpha2 catalytic subunit • TGF-β1/Smad3 signaling pathway Abstract Background/Aims: We examined the effects of microRNA-27a (miR-27a) on detrusor fibrosis in streptozotocin (STZ)-induced diabetic rats. Methods: Eighty healthy Sprague-Dawley (SD) rats were randomly allocated into control, diabetic, miR-27a mimics, mimics control, miR27a inhibitors, inhibitors control, siRNA-PRKAA2 (siPRKAA2) and inhibitors + siPRKAA2 groups (the latter 7 groups were established as STZ-induced diabetic rat models and treated in different manners).
MicroRNA-27a Suppresses Detrusor
Intact bladder tissues of sacrificed rats were obtained. Half of the bladder tissues were frozen in liquid nitrogen at -70°C and stored at -80°C for subsequent experiments. The other half of the bladder tissues were perfusion-fixed at 4°C overnight with 500 mL of a mixed solution composed of 2% paraformaldehyde (Jinan Yingchu Chemical Technology Co., Ltd., Jinan, China) and 2% poly glutaraldehyde (Jinan Yingchu Chemical Technology Co., Ltd., Jinan, China). The following day, after the fixed bladder tissues were evenly separated into 3 portions, one portion was embedded in paraffin and sliced. Sections incubated at 60°C overnight were successively deparaffinized in xylene I and xylene II for 20 min each and dehydrated in graded ethanol (100%, 100%, 95%, 80%, and 70%) for 5 min each time. After treatment with distilled water, the sections were stained with hematoxylin solution for 10 min, cleaned in running water to a blue color for 15 min, stained with eosin solution for 30 s and washed by double distilled water to remove the red color. The sections were then dehydrated with alcohol, cleared by xylene, and mounted with neutral balsam. The sections were photographed using the FW4000 image analysis system (Leica Microsystem Trading Co., Ltd., Shanghai, China). The mean values of the sectional area of the rat detrusor muscle fiber were measured after definition of the Ftr layer and adjustment of the threshold to the proper value.
TUNEL staining
One portion of the fixed bladder tissues was sliced and reacted with 20 μg/mL proteinase K (Roche Ltd., Basel, Switzerland; CatNo1745723) at 37°C for 15 min, washed four times (2 min each) with phosphatebuffered saline (PBS) (0.01 mol/L, pH = 7.14) (Shanghai Xingke Biological Technology Co., Ltd., Shanghai, China) and blocked at 37°C. The sections were reacted with 50 μL of TdT enzyme buffer in a wet box at 37°C for 1 h. The sections were washed four times (2 min each) with PBS (0.01 mol/L, pH 7.4), reacted with 2% PBS at room temperature for 5 min, washed twice with PBS (0.01 mol/L, pH 7.4) (5 min each time), and treated with 50 μL of sealing fluid at 37°C for 20 min to block the non-specific reactions. Subsequently, 20 μL of a diluted horseradish peroxidase linked anti-fluorescein antibody (POD; Sigma-Aldrich Chemical Company, St Louis, MO, USA) was added to the sections and reacted at 37°C for 30 min. The sections were washed four times (2 min each) with PBS (0.01% mol/L, pH 7.4), developed by diaminobenzidine tetrahydrochloride (DAB; Sigma-Aldrich Chemical Company, St Louis MO, USA), counterstained with hematoxylin, dehydrated, cleared, and mounted. The total number of apoptotic detrusor cells and total number of detrusor cells were counted under a light microscope. The apoptosis rate of detrusor cells = the number of apoptotic detrusor cells/total detrusor cells × 100%
Electronic microscopy observation
The remaining tissues were prepared for electronic microscopic observation. Fixed tissues cleaned by 1 M PBS buffer (pH 7.2) were treated with 1% osmium tetroxide (Guangzhou Jingying Chemical Technology Co., Ltd., Guangzhou, China) in a biological safety cabinet (Shanghai Kanglu Laboratory Equipment Co., Ltd., Shanghai, China) until the samples were black. Samples were washed three times with PBS buffer. After dehydration by gradient pure acetone (30%, 50%, 70%, 80% and 90%) (Nantong Huahui Chemical Co., Ltd., Nantong, China), the samples were transferred to an embedding plate (Shandon Scientific Company, London, United Kingdom; Histocentres) using toothpicks. A Microtome (Shandon Scientific Company, London, United Kingdom, AS-325) was used to cut the samples into ultrathin sections, which were subsequently stained with lead citrate and uranyl acetate and then washed with double distilled water. The ultrathin sections were observed under an electron microscope, and images were obtained after drying.
Immunohistochemistry (IHC) staining
The streptavidin-peroxidase (SP) method was used to examine protein expression of connective tissue growth (CTGF), COL-I and fibronectin (FN) in bladder tissues. After being sliced into 4 μm serial sections, the paraffin-embedded sections were routinely deparaffinized, hydrated using gradient ethanol, and heated in a microwave oven for antigen retrieval. Subsequently, after the sections were treated with 3% hydrogen peroxide to block endogenous peroxidase activity, primary antibodies, including rabbit anti-mouse CTGF antibody, rabbit anti-mouse COL-I antibody, and rabbit anti-mouse FN antibody (all 1:200; Abcam, Inc., Cambridge, MA, USA), were added and stored in the refrigerator at 4°C overnight. The sections were incubated with polymerase adjuvant for 20 min at room temperature, followed by another incubation for 30 min at room temperature with a horseradish peroxidase-labeled goat anti-rabbit secondary antibody (Abcam, Inc., Cambridge, MA, USA) prior to staining with DAB (Sigma Chemical Co., St. Louis, Missouri, USA). After counterstaining with Cellular Physiology and Biochemistry
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hematoxylin, all slides were hydrated, clear, mounted, and observed, and the positive index (PI) of cells was counted.
Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
After grinding, bladder tissue samples (1 cm × 1 cm) preserved at -80°C were centrifuged in liquid nitrogen, and total RNA was extracted from the rat bladder tissues of all groups according to the kit instructions (Solarbio Science & Technology Co., Ltd., Shanghai, China). The optical density (OD) at 260 nm or 280 nm (OD260/280) of RNA samples was detected by a ND-1000 UV-Vis spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA), and the RNA solutions were adjusted to an appropriate concentration for the following experiments. According to the kit instructions (Fermentas, Inc., Hanover, MD, USA), reverse transcription of RNA extracted from the bladder tissues and cells was performed using the two-step method with the following reaction conditions: 70°C for 10 min, ice-water immersion for 2 min, 42°C for 60 min, and 70°C for 10 min. CDNA was obtained and preserved at -80°C. CDNA was used as a template for qRT-PCR, which was performed with the miScript SYBR Green PCR Kit (Qiagen, Germany). According to the manufacturer's instructions, a 25 μL reaction volume was prepared by adding 12.5 μL of 2 × Quantitect SYBR Green PCR, 2.5 μL of 10 × miScript Primer Assay 140, 2.5 μL of 10 × miScript Primer Assay miR-27a, 2.5 μL of 10 × miScript Primer Assay U6, and 5 μL of RNase-free water as well as 2.5 μL of template cDNA. Each sample was designed in triplicate. The primer sequences used for qRT-PCR are provided in Table 1 . According to the instructions, the reaction conditions were as follows: 40 cycles of pre-denaturation at 95°C for 15 min, denaturation at 94°C for 145 s, annealing at 55°C for 30 s, and extension at 70°C for 30 s. An ABI PRISM 7300 Fast Real-Time PCR System (Applied Biosystems, Inc., Carlsbad, CA, USA) was used for detection. With U6 as the internal reference for miR-27a expression and β-actin as the internal reference for the expression of other genes, evaluation of PRC reliability was performed through a melting curve. The specificity of the PCR primers was also evaluated by using the melting curve. Relative mRNA expression of target genes was confirmed using the 2 −ΔΔCt method. Experiments were repeated in triplicate. ΔCt is the difference between the expression of target genes and expression of internal references. QRT-PCR was also performed to detect the gene expression of the cells in the following experiments.
Western blotting (WB)
Bladder tissues samples (1 cm × 1 cm) preserved at -80°C were ground, centrifuged, and mixed with protein extraction reagent (Beijing Bioco Laibo Technology Co., Ltd., Beijing, China) at a ratio of 1:10 (g/L). Centrifugation was performed at 12, 500 rpm and 4°C for 15 min. The supernatants were used for protein quantification according to the BCA kit instructions (Beyotime Biotechnology Co., Shanghai, China). Samples with the same amount of total protein were added to loading buffer and normal saline to a total of 20 μL. After denaturation at 100°C for 5 min, a sodium dodecyl sulfate polyacrylamide gel was prepared from the relative molecular weight of the target protein, and the amount of total protein per sample was adjusted according to the protein concentration. The proteins were transferred to the membrane after separation by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The membrane was blocked by 5% skim milk for 1 h, shaken gently at 37°C for 2 h, and incubated with β-actin 
Cell culture
Bladder tissues preserved at -80°C were immersed in the 4-(-2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) solution without calcium ions. After elimination of tunica mucosa and serosa of detrusor, the bladder tissues were cut into sections on laminar flow, rinsed and digested at 4°C overnight. The sections were placed in a water bath for 30 min, and flocculent muscle strip solution with a good digestion was transferred to a sterile centrifuge tube and centrifuged at 110 g to 250 g for one minute. After removing the supernatant, a small amount of culture medium was collected and gently agitated to re-suspended cells, which were transferred to a Petri dish with previously added Dulbecco's Modified Eagle Medium (DMEM) culture solution. Cells were then cultured in a constant temperature incubator with 5% CO 2 at 37°C. The culture medium was changed at a 4-day interval period. At 80-90% confluence, cells were digested and passaged.
Dual-luciferase reporter assay
MicroRNA.org (http://www.microrna.org) was used to analyze the target gene of miR-27a to predict the potential target genes of miR-27a and obtain the sequences of fragments containing binding sites. According to the instructions of the TIANamp Genomic DNA Kit, DNA was extracted from bladder tissues. The wildtype (wt) sequence of PRKAA2 3'UTR (PRKAA2-3'-UTR-wt) and sequence of site-directed mutagenesis of the PRKAA2 3 'UTR to the binding site of miR-27a (PRKAA2-3'-UTR-mut) were designed. Luciferase reporter vectors were constructed and used to transfect bladder detrusor cells. The Dual-Luciferase Reporter Assay Kit (Promega Corp., Madison, Wisconsin, USA) was used to examine the luciferase activity. At 48 h after transfection, the previous culture medium was discarded. Cells were washed twice with PBS, and 100 μL of passive lysis buffer (PLB) was added to each well. After 15 min of shaking at room temperature, the cell lysate was collected. The procedure was set as 2 s of pre-reading and 10 s of reading, with 100 μL of luciferase assay reagent II (LARII) and Stop & Glo ® reagent in each well. The prepared 20 μL of LARII and 20 μL of Stop & Glo ® reagent were added to the light-emitting tube or plate, and a bioluminescence detector (Turner Biosystems, Sunnyvale, CA, USA; Modulus TM was used to measure the luciferase activity of cells. The experiment was repeated three times.
Cell transfection and grouping
Bladder detrusor cells were randomly assigned to the blank (without any transfection), miR-27a mimics (transient transfection with miR-27a mimics), mimics control (transient transfection with negative control of miR-27a mimics), miR-27a inhibitors (transient transfection with miR-27a inhibitors), inhibitors control (transient transfection with negative control of inhibitors), siPRKAA2 (transfection with PRKAA2 siRNA), or miR-27a inhibitors + siPRKAA2 groups (co-transfection with miR27a inhibitors and PRKAA2 siRNA) (Sangon Biotech Co., Ltd. Shanghai, China). The transfection sequences are Table 2 . Transfection sequences. Note: miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit; siR-NA, small interference RNA
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry
shown in Table 2 . Cells were seeded onto 12-well plates and transfected when they reached 70% ~ 90% confluences. Lipofectamine 2000 (5 µL; Invitrogen, Inc., Carlsbad, CA, USA) was diluted by 100 µL of serumfree culture medium in a sterile EP tube and maintained at room temperature for 5 min. siRNA (1 µg) was diluted with 100 µL of serum-free culture medium as well. After incubation for 20 min at room temperature, the mixed solution of the above solutions was added to cells in serum-free culture medium and transferred into a constant temperature incubator with 5% CO 2 at 37°C. The culture medium was changed after 6-8 h, and the cells were further cultured.
Immunofluorescence assay
Bladder detrusor cells at the logarithmic growth phase were seeded onto 24-well plates containing glass slides in each well. When cell fusion reached 90%, 4% paraformaldehyde (Solarbio Science & Technology Co., Ltd., Shanghai, China) was used to fix the cells for 10 min, followed by blocking with 5% calf serum and 0.25% Triton X-100 (Solarbio Science & Technology Co., Ltd., Shanghai, China) for 30 min and incubation with rabbit anti-mouse TGF-β1 (1:100; ab92486; Abcam, Inc., Cambridge, MA, USA) and p-Smad3 (ab52903; 1:100; Abcam, Inc., Cambridge, MA, USA) primary antibodies at 4°C overnight. After rinsing three times with TBST (5 min each time), cells were diluted with a horseradish peroxidase-labeled goat anti-rabbit secondary antibody (MB005; Solarbio Science & Technology Co., Ltd., Shanghai, China) at a ratio of 1:100, incubated at room temperature in the dark for one hour, and stained with 4'-6-diamidino-2-phenylindole (DAPI) for 10 min. After fixation with glycerol, cells were observed under the fluorescence microscope and photographed. The experiment was repeated in triplicate.
Flow cytometry
After a 48 h transfection, cells were treated with 0.25% trypsin. Approximately 1 × 10 6 cells were counted, fixed with 75% cold ethanol (Solarbio Science & Technology Co., Ltd., Shanghai, China) for 12 h, reacted with 50 μg/mL RNA enzyme (Solarbio Science & Technology Co., Ltd., Shanghai, China) for 1 h at room temperature, and stained with propidium iodide (PI) (Solarbio Science & Technology Co., Ltd., Shanghai, China) for 30 min in the dark. Flow cytometry (Bio-Rad, Inc., Hercules, CA, USA) was used to analyze the cell cycle, and the experiment was repeated in triplicate.
Similarly, 1 × 10 6 cells were counted, mixed with Annexin V-fluorescein isothiocyanate (FITC) (Solarbio Science & Technology Co., Ltd., Shanghai, China), incubated at 37°C for 10 min and rinsed three times with PBS (5 min each time). After staining with PI for 15 min at room temperature in the dark, the cell apoptotic rate was estimated through flow cytometry. The apoptosis rate was calculated as the percentage of the number of apoptotic cells to the number of total cells. The experiment was repeated three times.
Statistical analysis SPSS 22.0 software (IBM corp. Armonk, NY, USA) was used for all statistical analyses. There were three repetitions of each experiment to generate the mean ± standard deviation (SD) of the data, which were also tested by the t-test. The chi-square test was used to test the enumeration data. One-way analysis of variance (ANOVA) was used for comparisons between groups, while repeated measures analysis of variance was used for intra-group comparisons. p < 0.05 was considered significant.
Results

Increased blood glucose and BUN as well as decreased sCr were observed in diabetic tissues
In the established DM model (0 week), the levels of blood glucose and sCr as well as the BUN content were significantly increased, while the weight was decreased in the other groups compared to the control group (all p < 0.05) (Fig. 1) . Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups had significantly increased levels of blood glucose, sCr and BUN as well as decreased weight, while the miR-27a inhibitors group showed the opposite effect (all p < 0.05). There was no obvious difference in the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2 and diabetic groups (all p > 0.05). As time progressed, the blood glucose and BUN levels showed an increasing trend, while sCr showed a decreasing trend in each group.
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Pathological m o r p h o l o g y and area of muscle fiber of the rat bladder detrusor in each group
In the control group, detrusor cells were ordered and showed no infiltration of connective tissues in the muscle bundles (Fig. 2) . The diabetic group had crescent or irregularly shaped detrusor cells. There was infiltration of connective tissues in the muscle bundles, different degrees of muscle atrophy in the bladder detrusor and an increased area of muscle fiber. Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups had disordered detrusor cells. There was increased infiltration of connective tissues in the muscle bundles and an increased area of muscle fiber. The miR-27a inhibitors group had decreased infiltration of connective tissues in the muscle bundles and a decreased area of muscle fiber (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2, and diabetic groups (all p > 0.05).
Up-regulated miR-27a promoted apoptosis of rat detrusor cells
In the control group, detrusor cells were spindle-shaped, neatly arranged and closely connected, with light-blue cell nuclei. The diabetic group showed an increase of loosely arranged apoptotic cells with intercellular hyperplasia of fibrous connective tissues, and Pathological morphology and the area of muscle fiber of the rat bladder detrusor in the control, diabetic, miR-27a mimics, mimics control, miR-27a inhibitors, inhibitors control, siPRKAA2 and miR-27a inhibitors + siPRKAA2 groups using HE staining. Note: A, pathological morphology of the rat bladder detrusor in each group using HE staining (× 200) (n = 10), and the arrows show the fiber in the detrusor; B, the area of muscle fiber of the rat bladder detrusor in each group (n = 10); * p<0.05 compared with the control group; # p<0.05 compared with the diabetic group; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit; HE, Hematoxylin-eosin.
Figure 2
Pathological morphology and the area of muscle fiber of the rat bladder detrusor in the control, diabetic, miR-27a mimics, mimics control, miR-27a inhibitors, inhibitors control, siPRKAA2 and miR-27a inhibitors + siPRKAA2 groups using HE staining Note: A, pathological morphology of the rat bladder detrusor in each group using HE staining (× 200) (n = 10), and the arrows show the fiber in the detrusor; B, the area of muscle fiber of the rat bladder detrusor in each group (n = 10); * p < 0.05 compared with the control group; # p < 0.05 compared with the diabetic group; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit; HE, Hematoxylin-eosin. .90)% in the control, diabetic, miR-27a mimics, mimics control, miR-27a inhibitors, inhibitors control, siPRKAA2 and miR-27a inhibitors + siPRKAA2 groups, respectively.
Up-regulated miR-27a increased the size of the endoplasmic reticulum in rat detrusor cells
In the diabetic group, large amounts of the endoplasmic reticulum were disorderly arranged around the nucleus of detrusor cells, accompanied by edema. The stacked structure was not obvious or even disappeared, and the endoplasmic reticulum had a white irregular vacuolar structure with ribose bodies attached to the serosa (Fig. 4) . In the control group, the endoplasmic reticulum was orderly arranged and had a white-stacked tubular structure with no ribose bodies attached to the serosa. Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups showed an increased size of the endoplasmic reticulum, and the miR-27a inhibitors group showed a decreased size of the endoplasmic reticulum (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, miR27a inhibitors + siPRKAA2 and diabetic groups (all p > 0.05). 5) . Compared to the control group, the diabetic group showed increased expression of FN, COL-I, and CTGF. Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups showed increased expression of FN, COL-I, and CTGF, while the miR-27a inhibitors group showed decreased expression of FN, COL-I, and CTGF (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2 and diabetic groups (all p > 0.05) ( Table 3) .
Up-regulated miR-27a increased the expression of TGF-β1, Smad3, CTGF, FN, and COL-I, but decreased the expression of PRKAA2 in rat bladder tissue
As shown in Fig. 6 , compared to the control group, the other groups showed higher mRNA expression of TGF-β1, Smad3, CTGF, FN, and COL-I as well as lower mRNA expression of PRKAA2 (all p < 0.05). Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups showed higher expression of miR-27a, higher mRNA expression of TGF-β1, Smad3, CTGF, FN, and COL-I as well as lower mRNA expression of PRKAA2 (all p < 0.05). The miR27a inhibitors group showed lower expression of miR-27a, lower mRNA expression of TGF-β1, Smad3, CTGF, FN, and COL-I, but higher mRNA expression of PRKAA2 (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, inhibitors + siPRKAA2 and diabetic groups (all p > 0.05). According to WB, protein expression of PRKAA2, TGF-β1, CTGF, FN, and COL-I had the same tendency as the corresponding mRNA expression among difference groups (Fig. 5) . Compared to the control group, protein expression of p-Smad3 was obviously increased in the other groups (all p < 0.05). Compared to the diabetic group, the miR-27a mimics and siPRKAA2 groups showed obviously higher p-Smad3 protein expression, whereas the miR-27a inhibitors group showed lower p-Smad3 protein expression (all p < 0.05). There was no remarkable difference in Smad3 protein expression among all groups (all p > 0.05). Table 3 . Positive index of CTGF, FN and COL-1 of rats in each group using IHC staining. Note: *, P < 0.05 compared with the control group; #, P < 0.05 compared with the diabetic group; CTGF, connective tissue growth factor; FN, fibronectin; COL-I, collagen-I; IHC, immunohistochemical; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit 
PRKAA2 is a target gene of miR-27a
The targeting relationship between miR-27a and PRKAA2 was determined from the biological prediction site (microR-NA.org). The sequence of the 3'-UTR region where PRKAA2 mRNA binds to miR-27a is shown in Fig. 7A . The wt and mut sequences of PRKAA2-3'-UTR without the binding site with miR-27a were designed and inserted into reporter plasmids. The recombinant plasmids of the miR-27a mimics and wt-miR-27a/PRKAA2 or mut-miR-27a/PRKAA2 were transfected into bladder detrusor cells. The miR-27a mimics exerted no remarkable influence on the luciferase reporter activity of cells transfected with the mut-miR-27a/PRKAA2 plasmid (p > 0.05), but approximately 51% (p < 0.05) decreased luciferase activity was observed in cells transfected with the wt-miR-27a/PRKAA2 plasmid (Fig. 7B) .
Up-regulated miR-27a induced expression of TGF-β1 and p-Smad3 in rat bladder detrusor cells
Compared to the blank group, the miR-27a mimics and siPRKAA2 groups showed increased expression of TGF-β1 and p-Smad3 in rat bladder detrusor cells, while the miR- Fig. 7 . miR-27a targets PRKAA2. Note: A, binding of miR-27a and PRKAA2 3'UTR; B, detection of the luciferase activity of detrusor cells (n = 3); * p<0.05 compared with the control group; wt, wild type; mut, mutant; 3 'UTR, three prime untranslated region; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit. Fig. 6 . miR-27a expression as well as mRNA and protein expression of TGF-β1, Smad3, CTGF, FN, COL-I and PRKAA2 in rat bladder tissues in different groups using qRT-PCR and WB. Note: A, relative mRNA expression of different genes in the rat bladder tissue in each group detected by qRT-PCR (n = 10); B, gray value of different genes in the rat bladder tissue in each group detected by WB (n = 10); C, WB images showing protein expression of different genes in each group (n = 10); * p<0.05 compared with the control group; # p<0.05 compared with the diabetic group; FN, fibronectin; COL-I, collagen-I; CTGF, connective tissue growth factor; TGF-β1, transforming growth factor-β; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit; qRT-PCR, quantitative reverse transcription polymerase chain reaction; WB, western blotting. Note: TGF-β1, transforming growth factor-β; miR-27a, microRNA-27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit.
Fig. 9.
Cell apoptosis rate and cell cycle of detrusor cells in the control, diabetic, miR-27a mimics, mimics control, miR-27a inhibitors, inhibitors control, siPRKAA2 and inhibitors + siPRKAA2 groups using flow cytometry. Note: A, cell cycle in each group; B, cell cycle distribution in each group; C, cell apoptosis in each group; D, cell apoptosis rate in each group; * p<0.05 compared with the blank group; miR-27a, microRNA27a; PRKAA2, AMP-activated protein kinase alpha2 catalytic subunit. Cellular Physiology and Biochemistry 27a inhibitors group showed the opposite trend (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2, and blank groups (all p > 0.05) (Fig. 8) .
Up-regulated miR-27a induced apoptosis and increased the percentage of detrusor cells in the G0/G1 phase, but reduced the percentage of detrusor cells in the S phase
Compared to the blank group, the miR-27a mimics and siPRKAA2 groups showed an increased apoptosis rate, higher percentage of cells in the G0/G1 phase, and lower percentage of cells in the S phase (all p < 0.05). However, the miR-27a inhibitors group showed the opposite trend (all p < 0.05). There was no remarkable difference in apoptosis and the percentage of cells in the G0/G1 and S phases among the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2, and blank groups (all p > 0.05) (Fig. 9) .
Up-regulated miR-27a induced the expression of TGF-β1, Smad3, CTGF, FN and COL-I, but reduced PRKAA2 expression in rat detrusor cells
Compared to the blank group, the miR-27a mimics and siPRKAA2 groups showed higher mRNA expression of TGF-β1, Smad3, CTGF, FN and COL-I as well as lower mRNA expression of PRKAA2 (all p < 0.05) (Fig. 10) . The miR-27a inhibitors group showed the opposite trend (all p < 0.05). There was no significant difference among the mimics control, inhibitors control, miR-27a inhibitors + siPRKAA2 and blank groups (all p > 0.05). Compared to the control group, the miR-27a mimics group showed increased miR-27a; the miR-27a inhibitors and miR-27a inhibitors + siPRKAA2 groups showed decreased miR-27a; and the mimics control, inhibitors control and siPRKAA2A groups showed no marked difference. The miR27a inhibitors and miR-27a inhibitors + siPRKAA2 groups showed no difference in miR-27a expression. According to WB, protein expression of PRKAA2, TGF-β1, CTGF, FN and COL-I had the same tendency as the corresponding mRNA expression (Fig. 10) . Compared to the blank group, the miR-27a mimics and siPRKAA2 groups had remarkably increased protein expression of p-Smad3, while the miR-27a inhibitors group had remarkably decreased protein expression of p-Smad3 (all p < 0.05). There was no significant difference in the protein expression of Smad3 among all groups (all p > 0.05). 
Discussion
Diabetes is a major global threat to human health and includes fibrosis [26] . Fibrosis refers to overgrowth, hardening or scarring of various types of tissues and results from excessive deposition of ECM components, particularly collagen [6] . Based on these facts, we explored the impact of miR-27a on detrusor fibrosis in STZ-induced diabetic rats. The results provided evidence that down-regulated miR-27a activated the TGF-β1/Smad3 signaling pathway by down-regulating PRKAA2, thereby inhibiting detrusor fibrosis in diabetic rats.
miRNAs, as short non-coding RNA molecules, can regulate gene expression associated with many biological processes by affecting the stability and translation of messenger mRNA [27] , and miR-27a is regarded as an oncogene in several types of cancers, such as pancreatic cancer, gastric cancer, cervical cancer, and diabetes [28] [29] [30] [31] . A previous study found that miR-27a was highly expressed in renal cell carcinoma (RCC) cells [32] . High levels of miR-27a were associated with a stronger induction of cell apoptosis of osteoblast [33] . Consistently, the present study showed that miR-27a was overexpressed in diabetic rats, resulting in increased detrusor cell apoptosis. Additionally, down-regulated miR-27a reduces the severity of detrusor fibrosis and size of the endoplasmic reticulum in diabetic rats, as supported by decreased expression of TGF-β1, CTGF, FN, and COL-I in the miR27a inhibitors group. Additionally, smooth muscle miRNAs, including miR-27a, a smooth muscle miRNA, influence detrusor contractility and the voiding pattern of unrestrained rats [34] , and high miR-27a expression was reported to promote renal tubulointerstitial fibrosis [21] . Increasing evidence has shown that miRNAs play an indispensable role in the pathogenesis of organ fibrosis [35] . The endoplasmic reticulum, a major subcellular compartment, is a eukaryotic organelle involved in calcium homeostasis, lipid synthesis, and protein folding and maturation [36] . Endoplasmic reticulum stress has been implicated as a common molecular pathway in the pathogenesis of obesity and diabetes [37] . Consistent with the present study, dilation of the endoplasmic reticulum and swelling of mitochondria in cytoplasts were observed in diabetes, and the filaments were severely decreased [38] . TGF-β1 and CTGF have been associated with enervated skeletal muscle fibrosis and promote myoblasts differentiation into myofibroblasts [39] . Moreover, miR-27a is correlated with expressional changes of TGF-β1, CTGF, FN and COL-I in renal tubulointerstitial fibrosis [21] . Thus, miR-27a might be an important target for the treatment of diabetic detrusor fibrosis, but additional studies to determine its underlying mechanism should be conducted in the future.
MiRNAs affect the behaviors of malignant cells by silencing a variety of target genes and regulating downstream signaling pathways [40] . The present study confirmed that PRKAA2 is a target gene of miR-27a and elevated miR-27a could down-regulate the expression of PRKAA2. A previous study indicated that miR-27a could inhibit MCF-7 cell growth by directly targeting the 3'-UTRs of PRKAA2 in breast cancer [41] . In addition, additional studies also revealed that PRKAA2 is involved in the susceptibility of diabetic nephropathy [42] . The present study also showed that knockdown of PRKAA2 or down-regulation of miR-27a could suppress detrusor fibrosis in diabetic rats as well as activate the TGF-β/Smad3 signaling pathway. Notably, miR-27a/b promotes satellite cell activation and myoblast proliferation, as well as prevents muscle wasting by activating the Smad-2/3 signaling pathway [43] . Knockdown of PRKAA2 suppresses epithelial-mesenchymal transition (EMT) and secretion of chemokines in renal tubular epithelia by interacting with CK2β and TGFβ1/Smad to attenuate renal injury [44] . Additionally, TGF-β1 and CTGF might be correlated with denervated skeletal muscle fibrosis and promote myoblasts differentiation into myofibroblasts [39] . Moreover, the TGF-β1/Smad3 signaling pathway is a significant part of the development of renal interstitial fibrosis, and expression of Smad3 is positively associated with the RIF index and protein expression of TGF-β1, Col-IV, and FN [45] . More importantly, elevated expression of TGF-β1 and Smad4 could affect the transcriptional regulation of downstream target genes of the TGF-β1/Smad4 pathway, which may contribute to the progression of renal fibrosis in STZ-induced diabetic rats [46] . Together, we speculated that increased expression of Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry miR-27a could result in down-regulation of PRKAA2, which suppressed cell apoptosis and detrusor fibrosis of diabetic rats via the TGF-β/Smad3 signaling pathway.
Conclusion
In conclusion, we provided compelling evidence that down-regulated miR-27a activated the TGF-β1 and Smad3 signaling pathway by down-regulating the targeted PRKAA2, thereby reducing detrusor fibrosis in STZ-induced diabetic rats. This study serves as a theoretical foundation for the treatment of diabetic detrusor fibrosis. However, these experimental results lack support from relevant clinical data; thus, the conclusions drawn in the present study may not be applicable for the general population. This limitation should be addressed in future studies.
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